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Abstract

In 1994 and 1996, seismic refraction experiments were executed in the eastern part of Kyushu,
Japan. he target of the experiments was to investigate the crustal structure composed of accretion
materials associated with the paleo subduction process. The experiment in 1994 was composed of 3
shots, 195 observation stes, and 195 km measurement line. In the 1996 experiment, there were 3 shots,
236 observation sites, and 228 km measurement line, which extended north. Observation sensors
were set at the same places except for the extended line of the second experiment. To establish a P
wave crustal structure model, ray-trace forward modeling and inversion technique were used. The
final P wave velocity structure model shows that the upper crust is composed of four layers: two
sedimentary layers with velocities of 3-4 and 4-5km/s, basement layer, 5.2-5.8km/s and granitic
layer, 6km/s. The sedimentary layers developed in the southern part of the profile, which
corresponds to the North and South Shimant belts. The thickness of the sedimentary layers in the
Southern Shimant belt, exceeds 4 km. The basement layer has a complicated form. We found two
distinct irregularly folded parts of the basement layer beneath Shimant belts and an abrupt
decrease of the amplitudes of seismic waves that pass through beneath those parts. We interpreted
the sedimentary layers had developed under a subduction process in Cretaceous (Izanagi plate) and
Tertiary (Pacific plate), and the 6 km/s layer rising beneath the Shimant belt might correspond to an
under-plating fragment of a plateau.

Key words: refraction exploration, crustal structure, accretion sediments, Kyusyu

*e-mail: moriva@belinda.ep.scihokudai.acjp (F060-0810 JbimditLiRridbXdk)

— 277 —




.

JUM O IR 3 76 H AL ST B2
S £ OB,
it onsg)

1992),

il

YR TT &
T d s0U)5 4 Clia &0
THbLh TS (A2 EHARH D,
= (A b e R e 4

| AR s o
B A TR A 2 L - L L Ju-l'l:;.,";;y

R ES

ok I‘; L s-) o) H{l}

VISIRB,

A O E O HIHES RO E LA CiTbhiTu
tifr -1z, Onoet al. (1978) [F MNP O bk “J =8
W TGN A 45 2 75 - TR = iE L 72, 2 ol
KT oN LRSS T 7 v, B E X 4 22
km, P##EIL59km/s Th-T, I 6IC |~’E{?Fil'mn'f‘iw
g bHEE SN T LA, BEHEEREDDTELE
AL E RO, Kakuta (1982) (4 Onoet al. (1978) &[]

L7 — % A{diL
¥ TOHRRSE 2R L2

7349 km/s DIFHIE <

EWEELILE O HPHO M TERS 6 km
ZAUC LU T P iy

O Ficdhd59km/s DI

O FdEZ 6km ictis>TO 4,

SEIDFEER TR IUINDOHE G B L TR, TOH 4

il Fig. 1 1ok

Wit E s 2 A Tirbh
H e SRR ¢ 1 b A

19525, &k

OREEHOMCTE L TH B,
& 9 (C L s
fo. s OiIEE,
FEOIFEERTIE 195 km, 195 54,
1996 FFOEERT L 228 km, 236 15, HLU 3 rihTdh -
o, 1996 HEDFER T (LHIFER A LA~ 33 km 4EE L 7225,

v — DS AN 3 S LUE ORI R S 4 <

1994

U3riThb,

[(] U5 T & - 7o CBRIEHEEEEh IS 7 v — 7, 1999 a;
[G], 1999b), M Sixdld & S-4, S-1, S-5, §-2, §-6, S-3

vANIC - TW 3, oDk - Tl
1, wHE oo 7F— 72 FEREINT

(B A 7 v — 7, 1999 a; |n!. 1999 b), L
L M*’J-ﬂf'itu:lsilfj‘:f FaEd & OB WO TR A2 S EIZHE

HEh, F=v€y FITNMAL

¥

_l\:l

SCER DI

Bonf B ME L5 - I Fig. 2/ 5 Fig. 7
It h olficra—Fv 2 v a v &59. S-
44 u)‘,L!' (Fig. 2) T, 140km ffhallsg caucikiise
(AmipsE L TW D, S-1 (Fig. 3) TEDIFD S4 Ojlys
L ,J,,,.w} ft (105km {4ift) ©2& S5
(Fig, 4) T3 ShHH T )H
& 60 km U)@*.EIIH'C bl &A1 5 98,

TL 5. Mo 60 km Hﬂl (%,
FIEF LS TH S, $-2(Fig. 5) T
H 6 75 km 'rm.’\fm:llulmw B & W IR

J'!-Ti'.'EHT-?’J' Rohs, LieLibims SIEESYR

NS W o
ok L TV 5,

km 7

L A — 45

t s EE L

}ILJIL Gl
S5-4,85-1 T

J‘J;“ i I:

S g g Ay
¥ C {3 E

31°N 1
130°E 131°E 132°E
Fig. 1. Map showing measurement line and shot

points of the experiments with the main surface

geology in Kyushu.

T-D/6 (s)

80 100 140 160 180 200
Distance (km)

Fig. 2. A record section observed by S-4. Each trace
is normalized by the maximum amplitude and is
fillered through the pass band from 5 to 15 Hz

Vertical time axis is reduced by 6km/s.
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Fig. 4. A record section observed by S-5. Parameters

of the figure are same as in Fig. 2.

T-D/6 (s)

(i

40 220 |I\
Distance (km)

Fig. 5. A record section observed by 5-2. Parameters
ol the figure are same as in Fig, 2.

v AfEE & ALz R

S-6

T-D/6 (s)

i 1Rt bl A6 IS it P UL
100 80 -60 40 =20 0 A
Distance (km)

Fig. 6. A record section observed by §-6.

of the figure are same as in Fig. 2.

il

3 A S
=140 <1200 -100
Distance (km)

RL ¢ 1| it
220 -180  -l&60 =80 -6l

=200

Para

A record section observed by S-3.

Fig. 7.

of the figure are same as in Fig, 2.
ks LTWS, $3 (Fig. 7)
O —60km g Tl oLs,

(AN & 22 5 45,

bl e

W DD RGBSR S5,

Parameters

neters

T3 & O R g

Lok 5z, B SEHET 6 km/s @ R U M8 12 X
F AL v y—2T7 Py LI TRIMEETHES

Ay, Tl

(= 8 e o

TR SBHD "E &

Z DREFEOTIUT 1994 FEDEE
T s fo BRI E A

1996 (EDOEER L NATH S EHINEICRE

(2 fbadkA 5. RS AFEORTTE

Lizdn,

i

) %‘-E;-rlﬁi <

K& PE D, & B ORI PR A ELE L THIEE DR
WEAE~iF o THiRIc@RbLE->-TIRVWEEL OGN

.

3. PEEEHETTIIOBE
AT HEA6km/is O B AELT

FosraE S L Wikl s hish - o T,

-
(§]

279

SHE A i

L
11951074




S-4

0574 3 437 kmis

DISTANGE (km)

o

s

DEPTH tkm)
0
1

15
1

20

Vo]
N T

A 1y et i
/»'/'Ll* e | |
./

T T T
150 200

16 (5)
00 05 10 15 20 25 30
1 L 1

L

50 100
DISTANCE (xm)

Fig. 8. Ray diagrams of the final velocity model for
S-4 (upper). A reduction velocity of 6km/s is used.
The horizontal axis is an offset distance from S-4.
A comparison of observed travel times (bars) with
calculated travel times (solid lines). Lengths of bars
are in proportion to uncertainty of arrival time
picks.

DISTANCE (m)

DEPTH (km)

700 (3)

\,
z__

100
DISTANCE (km)

Fig. 9. Ray diagrams of the final velocity model for
S-5. Parameters of the figure are same as in Fig. 8.
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Fig. 12. Ray diagrams of reflected phases, PiP, of the
final velocity model for S-2, S-3, and S-5. Para-
meters of the figure are same as in Fig. 8.

PiiP Reflection

DISTANCE km)
0 56 100 S$-2 150 200 S-3

AN NS
S \\‘ >

N oS
S-2 S-3

: PiiPT wert st it

287 PiiP2

00 10 20 30 40 50 5045 4035
I

T T T T T

DISTANCE (km)

Fig. 13. Ray diagrams of reflected phases, PiiP, of the
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Fig. 14. Ray diagrams of reflected phases, PxP, from
the upper surface of subducted Philippine Plate of
the final velocity model for S-3. Parameters of the
figure are same as in Fig. 8.

Table 1. Travel time residuals and x* examination
for the final model. They are calculated for Pg, PiP,
PiiP, PxP1, and PxP2.

Number of Number of Travel time

Picks for Pg Picks used residuals (s) x*?
S-1 89 76 0.224 6.641
S-2 156 144 0.11 7.402
S-3 94 51 0.076 6.928
S-4 127 99 0.223 7.185
S-5 163 141 0.132 5.978
S-6 169 134 0.087 7.938

Number of Number of Travel time

Picks for PiP Picks used residuals (s) x*?
S-2 49 49 0.144 3.957
S-3 14 13 0.210 5.337
S-5 26 25 0.122 3.013

Number of Number of Travel time

Picks for PiiP  Picks used residuals (s) x?
S-2 28 27 0.131 5.534
S-2 23 22 0.12 1.501
S-3 27 25 0.087 0.790

Number of Number of Travel time

Picks for PxP1  Picks used residuals (s) x
S-3 22 22 0.134 2.226
Number of Number of Travel time
Picks for PxP2  Picks used residuals (s) x:
S-3 17 16 0.177 3.324
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